Data presented here demonstrate that recombinant gamma interferon (rIFN-y) activated a single population of 10% fetal calf serum-elicited mouse peritoneal exudate cells to express tumoricidal activity but not bactericidal activity for the facultative intracellular bacterium Listeria monocytogenes. Fetal calf serum-elicited cells incubated with rIFN--y phagocytosed listeriae normally, suggesting that their inability to kill this bacterium is not because they cannot phagocytose it. Data also show that proteose peptone-elicited peritoneal exudate cells, which are bactericidal but not tumoricidal, acquired tumoricidal activity but lost bactericidal activity following incubation overnight with rIFN-y. These experiments show that under conditions sufficient for rIFN-y to induce macrophages to express tumoricidal activity, the same cell population does not express bactericidal activity for the facultative intracellular bacterium L. monocytogenes. This suggests that mechanisms responsible for these two biological activities may be different.
Experiments in recent years have begun to describe the phenotypic and functional heterogeneity of macrophage subpopulations. Single populations of macrophages have been shown to express different functional properties. For instance, Wing et al. (27, 28) demonstrated that macrophages from trichinella-and toxoplasma-infected mice show different abilities to kill tumor cells and intracellular parasites depending on the length of prior in vitro macrophage cultivation. Nacy et al. (16) used different lymphokine fractions in vitro to demonstrate that tumoricidal activity could be dissociated from the ability of macrophages to limit intracellular growth of rickettsiae. Sedimentation velocity separation was used by Hopper and Cahill (9) to demonstrate that macrophages with bactericidal activity could be separated from those with tumoricidal activity following secondary infection with Salmonella enteritidis. We showed that macrophages harvested from the peritoneal cavities of mice or hamsters injected 2 to 9 weeks earlier with Mycobacterium bovis bacillus Calmette-Guerin (BCG) expressed high levels of tumoricidal activity against three different targets but showed little antibacterial activity against Listeria monocytogenes or Escherichia coli (5) . Proteose peptone-elicited macrophages, on the other hand, were bactericidal for listeriae and E. coli but were not tumoricidal. Thus, macrophages stimulated to express tumoricidal activity do not necessarily express bactericidal activity, and macrophages stimulated to express bactericidal activity do not necessarily express tumoricidal activity.
The stimuli which drive mouse macrophages to express tumoricidal activity are being identified and characterized. There is compelling evidence that gamma interferon (IFN-y) provides a priming stimulus, while other agents, such as lipopolysaccharide, provide triggering stimuli to induce primed macrophages to express tumoricidal activity (1, 16, 21, 23). IFN-y also can activate macrophages to express * Corresponding author. microbicidal activity against obligate intracellular organisms such as leishmaniae, toxoplasmas, and rickettsiae (7, 15, 17, 24) . However, the role of IFN-y in resistance against facultative intracellular bacteria is much less clear. For instance, Douvas et al. (7) presented evidence that IFN-y is not able to stimulate human macrophages to express bactericidal activity against Mycobacteriium tuberculosis, even though the same cells became tumoricidal and leishmanicidal following IFN treatment. However, Flesch and Kaufmann (8) showed that mouse bone marrow-derived macrophages stimulated with recombinant IFN-y (rIFN-y) could decrease thymidine uptake by some but not other strains of M. tuberciilosis. Rook et al. (19) reported that murine peritoneal macrophages cultured with rIFN-y inhibited uracil uptake by M. tuberculosis, while rIFN-y and crude lymphokine inhibited growth of M. tiuberciilosis only weakly if at all. It seems possible, however, that rIFN-y may have stimulated macrophages to secrete increased amounts of thymidine, which could also decrease uptake of radiolabeled DNA precursors by these microorganisms.
Because of these dissociations in macrophage function, and because of evidence suggesting that inflammatory macrophages rather than highly activated macrophages are of primary importance in resistance against listeriosis (4; P. A. Campbell Phagocytosis and bactericidal assays. Phagocytosis was determined as described earlier (6) . Briefly, 2.5 x 106 cells and 2.5 x 107 bacteria were incubated, rotating end over end, in 1 ml of BSS containing 5% fresh or frozen normal mouse serum (NMS). After 30 min, cells were harvested, washed three times, counted, cytocentrifuged, and stained with Diff-Quik (Dade Diagnostics, Aguada, Puerto Rico). The phagocytic index was determined as percent positive macrophages (those containing more than one bacterium) times mean number of bacteria per positive macrophage. Bactericidal activity was detected as described earlier (6) . Briefly, 2.5 x 106 cells, 2.5 x 106 bacteria, and 5% pooled fresh or frozen NMS were mixed in a total volume of 1 ml of BSS in plastic tubes (12 x 75 mm; Falcon Plastics, Oxnard, Calif.). Tubes were rotated at 8 rpm in a 37°C incubator for 2 h. At the beginning of the incubation, 0.1-ml samples were removed from control tubes, diluted in sterile distilled water to lyse the cells, and plated on tryptic soy agar (Remel, Lenexa, Kans.) plates. After the tubes were incubated for an additional 2 to 3 h with end-over-end rotation, samples were removed as before, diluted, and plated. After In vitro induction of tumoricidal activity. IFN--y-dependent tumoricidal activity was induced by slight modification of the methods described by others (10 activity. FCS-elicited (24-h) macrophages incubated overnight in the absence of IFN or with 2 or 20 U of rIFN--y per ml were neither tumoricidal nor bactericidal (Fig. 1) . FCSelicited macrophages incubated overnight with 200 or 2000 U of rIFN--y per ml had good levels of tumoricidal activity but no bactericidal activity. Bacteria cultured in the absence of any cells grew well. Positive control for bactericidal activity was provided by 48-h proteose peptone-elicited macrophages harvested on the day of the assay; these expressed good bactericidal activity. This experiment shows that rIFN--y induces a single population of FCS-elicited macrophages to express tumoricidal but not bactericidal activity.
It was important to rule out the trivial technical explanation that for some unknown reason cells incubated overnight in this manner are not able to express bactericidal activity. To test this, 48-h proteose peptone-elicited peritoneal exudate cells, a cell population expressing strong levels of bactericidal activity (5, 5a), were tested before and after overnight incubation. For this experiment, mice were injected intraperitoneally with 1 ml of 10% proteose peptone, and the cells were harvested 48 h later. A sample of these cells was tested at this time for bactericidal activity, and 2.5
x 106 cells per ml were incubated in triplicate overnight in 0.8 ml of medium. The following morning, 5% NMS and listeriae were added, and bacterial killing was determined as before. These proteose peptone-elicited cells were bactericidal before and after overnight incubation (Fig. 2) . This experiment demonstrates that the inability of IFN--y to induce FCS-elicited peritoneal cells to express bactericidal activity is not because the overnight incubation caused loss of bactericidal activity.
Proteose peptone-elicited cells incubated overnight with IFN-y lose bactericidal but acquire tumoricidal activity. Next, 48-h proteose peptone-elicited peritoneal exudate cells were incubated with IFN--y. As expected, these proteose peptoneelicited cells, which were not by themselves tumoricidal, acquired tumoricidal activity following overnight incubation with .200 U of rIFN--y per ml. Surprisingly, however, these cells lost bactericidal activity. One of several such experiments is shown in Fig. 3 . This experiment demonstrates that nvernight incubation with rIFN-y triggered nontumoricidal inflammatory cells to express tumoricidal activity and inhibited the ability of the same cell population to express bactericidal activity. In this experiment, the cells were bacteriostatic. In this and similar experiments, 40 to 60% of the cells put into culture were recovered after overnight incubation (18 h), and viability, measured by trypan blue dye exclusion, was >95%. These FCS-elicited cells incubated with rIFN--y (200 U/ml) overnight were just as phagocytic as were fresh proteose peptone-elicited cells: the phagocytic index for fresh peptone-elicited cells was 1,100, while the phagocytic index for FCS-elicited cells incubated overnight with rIFN-y was 1,040. This indicates that FCS-elicited cells incubated with rIFN-y can phagocytose listeriae normally, even though they cannot kill them. 
DISCUSSION
We and others have shown that macrophage populations that express bactericidal activity and macrophage populations that express . tmoricidal activity are not necessarily the same (5, 9 These findings are compatible with our earlier reports suggesting that inflammatory macrophages rather than activated macrophages may be primarily responsible for resistance to L. monocytogenes (reviewed in reference 4 and Campbell,  in press). These earlier studies suggested that a major role for T cells in resistance to listeriosis may be to recruit bactericidal inflammatory neutrophils and macrophages rather than to activate nonbactericidal macrophages to express high levels of bactericidal activity (4, 6; Campbell, in press). More surprising is the finding presented here that incubation of bactericidal proteose peptone-elicited macrophages with rIFN--y caused them to lose their bactericidal ability (Fig. 3) . It is well known that proteose peptoneelicited macrophages, themselves not tumoricidal, acquire tumoricidal activity following incubation with IFN--y (1, 20, 21) . The loss of bactericidal activity by these cells is not due to loss of viability, since they are tumoricidal and their viability is >95%. Since proteose peptone-elicited peritoneal exudate cells incubated without rIFN-,y retain their bactericidal ability, it is possible that incubation with rIFN--y causes a metabolic alteration in macrophage function so that they lose one biological property, the ability to kill listeriae, but acquire another, the ability to kill tumor cells. This suggests that these two mechanisms of killing may be different.
These data demonstrate that a population of macrophages stimulated by rIFN--y to express tumoricidal activity does not necessarily also express bactericidal activity. The (25) .
Thus, one possibility is that injection of anti-IFN--y antibodies inhibits resistance to listeriosis because these antibodies prevent induction of an effective immune response to listeriae and not because they prevent the activation of macrophages to express enhanced bactericidal activity. Whether IFN--y required for antigen presentation is secreted by natural killer cells or by immune T cells is not yet clear. Another possibility is that the effects of IFN--y are indirect rather than direct. That is, perhaps IFN--y induces other cells such as T cells or macrophages to secrete factors which indirectly cause increased resistance. For instance, IFN--y could induce macrophages to secrete mediators, such as interleukin I or tumor necrosis factor, which in turn could increase inflammation, resulting in recruitment of bactericidal macrophages and neutrophils (5a, 13) or IFN--y could function solely to maintain high levels of Ia antigens on macrophages, resulting in continued stimulation of antigen-specific T cells to maintain high levels of bactericidal phagocytes.
The data presented here demonstrate that rIFN--y stimulates a single population of FCS-elicited mouse macrophage to express tumoricidal but not bactericidal activity for L. monocytogenes. Moreover, bactericidal proteose peptoneelicited macrophages lose bactericidal activity but gain tumoricidal activity following incubation with rIFN--y. One of several possible models to explain these results is that an inflammatory macrophage, expressing bactericidal but not tumoricidal activity, is stimulated by rIFN--y to a more activated state, in which it loses bactericidal activity but acquires tumoricidal activity.
